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Titie of th Inv nti n 

Semiconductor Device 

Background of the Invention 

1 . Field of the Invention 

The present invention relates to a semiconductor device, and 
more specifically, it relates to a compact semiconductor device, a typical 
example of which is a BGA (ball grid array) semiconductor device. 

2, Description of the Related Art 

There has been an increasing need for achieving miniaturization 
and a lower profile in an integrated circuit package constituted by 
packaging semiconductor elements such as semiconductor integrated 
circuits. In response to this need, a BGA-type semiconductor device 
achieved by providing spherical terminals such as solder in a grid at the 
lower surface of a multiple-terminal semiconductor integrated circuit 
package has been proposed. 

FIG. 10 shows the structure adopted in the BGA semiconductor 
device mentioned above. As shown in FIG. 10(a), a semiconductor 
element 802 is secured with an adl^e sive (not shown) or the like at the 
center of the upper surf^SS of a substrate 801 of the semiconductor 
device main body. In addition, at the periphery of the substrate of the 
. semiconductor device main body, a plurality of pad electrodes 806 are 
provided and are electrically connected with electrodes 807 at the 
semiconductor element 802 via wirings 803 which may be constituted 
of, for instance, Au. 

As illustrated in FIG. 10(b), a specific range containing the 
semiconductor element is defined through sealing on the substrate of 
the semiconductor device medn body by using resin 804. In addition, 
ball electrodes 805 constituted of solder or the like are formed at 
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specific positions of the lower surface of the substrate 801 of the 
semiconductor device main body. 

However, a recognition error may occur with regard to the 
position at which the semiconductor element is bonded onto the 
substrate of the semiconductor device in the related art and, in such a 
case, the semiconductor element may not be secured at a perfectly 
accurate position. If the semiconductor element is mounted at the 
wrong position, a problem of wire shorting or the like sirises. In addition, 
since the substrate of the semiconductor device is normally used as a 
common substrate at which semiconductor elements of vairying sizes 
and types are mounted, it is difficult to mount the various 
semiconductor elements at their semiconductor element mounting 
positions with a higher degree of accuracy. There: is another issue to be 
addressed in that as the number of wires connected to the 
semiconductor device increases, the semiconductor elements need to be 
mounted at the exact mounting positions with an even higher degree of 
accuracy. 

Summary of the Invention 

Accordingly, an object of the present invention is to provide a new 
and improved semiconductor device and a manufacturing method 
thereof, that make it possible to movmt a semiconductor element at the 
correct mounting position on a substrate of a semiconductor device 
main body with a higher degree of accuracy. 

In order to achieve the object described above, in an aspect of the 
present invention, A semiconductor device comprising; a semiconductor 
substrate formed reference lines at a circuit forming surface witJi a pad 
electrode provided at the periphery thereof, in correspondence to the 
positions of at least three comers of a semiconductor element to serve 
as reference marks indicating positions at which semiconductor 
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elements of varying sizes are to be mounted, a semiconductor element 
mounted at said circuit forming surface of said semiconductor 
substrate, resin that seals a specific area on said semiconductor 
substrate containing said semiconductor element is provided. 

According to the invention described above in which reference 
lines are formed in alignment with the three comers of the 
semiconductor element on the circuit forming surface of the 
semiconductor substrate, it is possible to verify the correct position at 
which the semiconductor element is to be mounted with a higher degree 
of accuracy by utilizing, for instance, a TV camera. As a result, the 
semiconductor element can be mounted at the correct position with a 
higher degree of accuracy simply by aligning the corners of the 
semiconductor element to the reference lines. It is to be noted that since 
these reference lines indicate the positions at which the three corners of 
the semiconductor element of any of varying sizes should be set, the 
semiconductor element can be accurately mounted at the correct 
position simply by positioning the three corners of the semiconductor 
element in the vicinity of the reference lines as long as the 
semiconductor element has a roughly square shape or a rectangular 
shape. 

Brief Description of the Drawings 



The\ above and other features of the invention and the 
concomitam advantages will be better understood and appreciated by 
persons skillbd in the field to which the invention pertains in view of the 
following desfcription given in conjunction with the accompanying 



FIG. 1 presents top views of the structure adopted in the 




drawings which illustrate preferred embodiments. In the drawings: 



semiconductor device achieved in a first embodiment; 
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FIG. 2 presents top views of the structure adopted in the 
semiconductor cievice achieved in a second embodiment; 

FIG. 3 presents top views of the structure adopted in the 
semiconductor device achieved in a third embodiment; 

FIG. 4 presents top views of the structure adopted in the 
semiconductor device achieved in a fourth embodiment; 

FIG. 5 presents top views of the structure adopted in the 
semiconductor device achieved in a fifth embodiment; 

FIG. 6 presents top views of the structure adopted in the 
semiconductor devicA achieved in a sixth embodiment; 

FIG. 7 illustrates the structure of the semiconductor device in the 
sixth embodiment; \ 

FIG. 8 presents top views of the structure adopted in the 
semiconductor device aohieved in a seventh embodiment; 

FIG. 9 presents \top views of the structure adopted in the 
semiconductor device acnieved in an eighth embodiment; and 

FIG. 10 presents top views of the structure adopted in the 
semiconductor device in tlie related art. 

Detailed Description of the Preferred Embodiments 

The following is a detailed explanation of the preferred 
embodiments of the present invention, given in reference to the 
attached drawings. It is to be noted that the same reference numerals 
are assigned to components having identical functions and structural 
features in the following explanation and the attached drawings to 
preclude the necessity for a repeated explanation thereof. 

(First Embodiment) 

First, the structure adopted in the semiconductor device in the 
first embodiment is explained in reference to FIG. 1. FIG. 1 presents top 
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views of the structure of the semiconductor device achieved in the 
embodiment. 

First, as shown in FIG. 1(a), three reference lines indicating three 
comers of a semiconductor element 2 to be mounted are formed at a 
surface of a substrate 1 constituting the semiconductor device main 
body on diagonals extending toward the corners of the device through 
silk-screen printing or the like. It is to be noted that silk-screen printing 
refers to one of the intaglio printing methods, that uses a plate prepared 
by filling the peripheries of symbols such as characters formed in a 
fabric material with resin or the like and makes an imprint by directly 
applying ink or the like through the fabric (the fabric used to be silk, 
hence the name). 

In addition, as illustrated in FIG. 1(b), the semiconductor element 
2 is mounted at a specific position near the center of the surface of the 
substrate 1 constituting ^e semiconductor device main body by using 
the reference lines 3 for reference and is secured with an adhesiveJVfor 
instance, achieving a high degree of accuracy. Electrode portions 4 of 
the mounted semiconductor element 2 and pad electrodes 5 on the 
substrate at the semiconductor device main body are electrically 
connected with each other via wirings 6. As in the semiconductor device 
in the related art, a specific area containing the semiconductor element 
is sealed with resin (not shown), with ball electrodes (not shown) which 
may be constituted of solder or the like formed at specific positions at 
the lower surface of the semiconductor device substrate. 

Next, the semiconductor device manufacturing method achieved 
in the embodiment is explained. 

First, as illustrated in FIG. 1(a), the reference lines 3 indicating 
the positions of the three comers of the semiconductor element 2 to be 
mounted are formed at the surface of the substrate 1 constituting the 
semiconductor device main body on the diagonals extending toward the 
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comers of the device t±irough silk-screen printing or the like. Then, an 
adhesive is applied onto a specific area in order to secure the 
semiconductor element 2 at the mounting area over which the 
semiconductor element 2 is to be mounted (not shown). 

Next, as shown in FIG. 1(b), the reference lines 3 at the 
semiconductor substrate 1 at which the semiconductor element is to be 
mounted are recognized by using, for instance, a television camera, and 
the semiconductor element 2 is secured at a specific position near the 
center of the circuit forming surface at the semiconductor substrate 1 
with a high degree of accuracy by using the adhesive or the like so as to 
align the three comers of the semiconductor element 2 onto the 
reference lines 3, 

In the embodiment, the reference lines are formed on the circuit 
forming surface of the semiconductor substrate in correspondence to 
the three comers of the semiconductor element, and thus, the 
mounting position at which the semiconductor element is to be 
mounted can be determined with a higher degree of accuracy with, for 
instance, a TV cajnera. 

Next, the electrode portions 4 at the semiconductor element 2 
accurately secured onto the semiconductor substrate 1 are electrically 
connected to the pad electrodes 5 on the substrate 1 at the 
semiconductor device main body through the wirings 6 which may be, 
for instance, gold wires. 

Subsequently, the specific area containing the semiconductor 
element and the pad electrodes at the periphery of the substrate is 
sealed with resin (not shown) as in the semiconductor device in the 
related art. In addition, the ball electrodes (not shown) which may be 
constituted of solder are formed at specific positions at the lower 
surface of the semiconductor substrate, thereby completing the process 
of manufacturing the semiconductor device in the embodiment. 
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In the embodiment described above in which reference lines are 
formed in alignment with the three comers of the semiconductor 
element on the circuit forming surface of the semiconductor substrate, 
it is possible to verify the correct position at which the semiconductor 
element is to be mounted with a higher degree of accuracy by utilizing, 
for instance, a TV camera. As a result, the semiconductor element can 
be mounted at the correct position with a higher degree of accuracy 
simply by aligning the comers of the semiconductor element to the 
reference lines. It is to be noted that since these reference lines indicate 
the positions at which the three corners of the semiconductor element 
of any of varying sizes should be set, the semiconductor element can be 
accurately mounted at the correct mounting position simply by 
positioning the three comers of the semiconductor element in the 
vicinity of the reference lines as long as the semiconductor element has 
a roughly squaire shape or a rectangular shape. 

(Second Embodiment) 

The structure adopted in the semiconductor device in the second 
embodiment is now explained in reference to FIG. 2. FIG. 2 presents top 
views of t±ie structure of the semiconductor device achieved in the 
embodiment. 

Unlike in the first embodiment, a cross mark 103 indicating the 
positions of the four comer of a semiconductor element 102 to be 
mounted is formed at the surface of a substrate 101 constituting the 
semiconductor device main body on the diagonals extending toward the 
comers of the device through silk-screen printing or the like, as 
illustrated in FIG. 2(a). 

In addition, as illustrated in FIG. 2(b), the semiconductor element 
102 is mounted at a specific position near the center of the surface of 
the substrate 101 constituting the semiconductor device main body by 
using the cross mark 103 for reference with, for instance, adhesive, 
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achieving a higher degree of accuracy. Electrode portions 104 of the 
mounted semiconductor element 102 and pad electrodes 105 on the 
substrate at the semiconductor device main body are electrically 
connected with each other via wirings 106. As in the semiconductor 
device in the related art, a specific area containing the semiconductor 
element is sealed with resin (not shown), with ball electrodes (not 
shown) which may be constituted of solder or the like formed at specific 
positions at the lower surface of the semiconductor device substrate. 

Next, the semiconductor device manufacturing method achieved 
in the embodiment is explained. 

First, as illustrated in FIG. 2(a), the cross mark 103 indicating the 
positions of the comers of the semiconductor element 102 to be 
moimted is formed at the surface of the substrate 101 constituting the 
semiconductor device main body on the diagonals extending toward the 
comers of the device through silk-screen printing or the like, unlike in 
the first embodiment. Then, an adhesive is applied onto a specific area 
in order to secure the semiconductor element 102 at the mounting area 
over which the semiconductor element 102 is to be mounted (not 
shown). 

Next, as shown in FIG. 2(b), the cross mark 103 at the 
semiconductor substrate 101 at which the semiconductor element is to 
be mounted is recognized by using, for instance, a television camera, 
and the semiconductor element 102 is secured at a specific position 
near the center of the circuit forming surface at the semiconductor 
substrate 101 with a high degree of accuracy by using the adhesive or 
the like so as to align the corners of the semiconductor element 102 on 
the cross mark 103. 

In the embodiment, the cross mark is formed on the circuit 
forming surface of the semiconductor substrate in correspondence to 
the comers of the semiconductor element, and thus, the mounting 
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position at which the semiconductor element is to be mounted can be 
determined with a higher degree of accuracy with, for instance, a TV 
camera. 

Next, the electrode portions 104 at the semiconductor element 
102 accurately secured onto the semiconductor substrate 101 are 
electrically connected to the pad electrodes 105 on the substrate 101 at 
the semiconductor device main body through the wirings 106 which 
may be, for instance, gold wires. 

Subsequently, the specific area containing the semiconductor 
element and the pad electrodes at the periphery of the substrate is 
sealed with resin (not shown) as in the semiconductor device in the 
related art. In addition, the ball electrodes (not shown) which may be 
constituted of solder are formed at specific positions at the lower 
surface of the semiconductor substrate, thereby completing the process 
of manufacturing the semiconductor device in the embodiment. 

In the embodiment described above in which a cross mark is 
formed in alignment with the comers of the semiconductor element on 
the circuit forming surface of the semiconductor substrate, it is possible 
to verify the correct position at which the semiconductor element is to 
be mounted with a higher degree of accuracy by utilizing, for instance, a 
TV camera. As a result, the semiconductor element can be mounted at 
the correct position with an even higher degree of accuracy simply by 
aligning the comers of the semiconductor element onto the cross marks 
compared to the first embodiment. It is to be noted that since this cross 
mark indicates the positions at which the comers of the semiconductor 
element of any of varying sizes should be set, the semiconductor 
element can be accurately mounted at the correct mounting position 
simply by positioning the comers of the semiconductor element in the 
vicinity of the cross mark as long as the semiconductor element has a 
roughly square shape or a rectangular shape. 
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(Third Embodiment) 

Next, the semiconductor device in the third embodiment is 
explained in reference to FIG. 3. FIG. 3 presents top views of the 
structure of the semiconductor device achieved in the embodiment. 

As shown in FIG. 3(a), a cross mark 203 is formed on the 
diagonals extending toward the comers of the device at the surface of a 
substrate 201 constituting the semiconductor device main body, as in 
the second embodiment. However, unlike in the second embodiment, 
the cross mark 203 is formed of an adhesh^e applie d over, for instance, 
a 20 ~ 30|Lim thickness in the embodiment. 

In addition, as illustrated in FIG. 3(b), a semiconductor element 
202 is mounted at a specific position near the center of the surface of 
the substrate 201 constituting the semiconductor device main body 
with a high degree of accuracy by using the cross mark 203 constituted 
of the adhesive for reference. Electrode portions 204 of the mounted 
semiconductor element 202 and pad electrodes 205 on the substrate 
201 at the semiconductor device main body are electrically connected 
with each other via wirings 206. As in the semiconductor device in the 
related art, a specific area containing the semiconductor element 202 is 
sealed with resin (not shown), with ball electrodes (not shown) which 
may be constituted of solder or the like formed at specific positions at 
the lower surface of the semiconductor device substrate 201. 

Next, the semiconductor device manufacturing method achieved 
in the embodiment is explained. 

First, the cross mark 203 indicating the positions of the comers 
at the semiconductor element to be mounted is formed by applying an 
adhesive onto the diagonals extending toward the corners of the device 
at the surface of the substrate 201 constituting the semiconductor 
device main body. 
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Next, as shown in FIG. 3(b), the cross mark 203 at the 
semiconductor substrate 201 at which the semiconductor element is to 
be mounted is recognized by using, for instance, a television camera, 
and the semiconductor element 202 is secured at a specific position 
near the center of the circuit forming surface at the semiconductor 
device substrate with a high degree of accuracy so as to align the 
comers of the semiconductor element 202 onto the cross mark 203. 
Since the cross mark 203 constituted of the adhesive has been formed 
over the area at which the semiconductor element 202 is to be 
mounted, the semiconductor element 202 can be secured onto the 
semiconductor substrate 201 at the correct position with a higher 
degree of accuracy. 

Since the cross mark is constituted of an adhesive in the 
embodiment, it is not necessary to implement a step for forming a cross 
mark through, for instance, silk-screen printing, to achieve 
simplification in the manufacturing process. In addition, the cross mark 
constituted of the adhesive makes it possible to determine the 
semiconductor element mounting position with a higher degree of 
accuracy. 

Next, the electrode portions 204 at the semiconductor element 
202 accurately secured onto the semiconductor device substrate 201 
are electrically connected to the pad electrodes 205 on the substrate 
201 at the semiconductor device main body through the wirings 206 
which may be, for instance, gold wires. 

Subsequently, the specific area containing the semiconductor 
element 202 and the pad electrodes at the periphery of the substrate is 
sealed on the semiconductor substrate 201 with resin (not shown) as in 
the semiconductor device in the related art. In addition, the ball 
electrodes (not shown) which may be constituted of solder are formed at 
specific positions at the lower surface of the semiconductor substrate 
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201, thereby completing tJie process of manufacturing the 
semiconductor device in the embodiment. 

The embodiment in which a reference lines are formed from an 
adhesive makes it possible to omit a step for forming reference lines 
through silk- screen printing or the like, thereby achieving a simpler 
manufacturing process. In addition, since reference lines constituted of 
an adhesive is formed in alignment with the comers of the 
semiconductor element to be mounted on the substrate constituting the 
semiconductor device main body, the semiconductor element mounting 
position can be determined with a higher degree of accuracy. 

(Fourth Embodiment) 

Next, the semiconductor device in the fourth embodiment is 
explained in reference to FIG. 4. FIG. 4 presents top views of the 
structure of the semiconductor device achieved in the embodiment. 

First, as shown in FIG. 4(a), a cross mark 303 is formed on the 
diagonals extending toward the comers of the device at the surface of a 
substrate 301 constituting the semiconductor device main body. Unlike 
in the preceding embodiments, the cross mark 303 is formed during the 
step in which pad electrodes 305 constituted of, for instance, Cu are 
formed at the periphery of the substrate. 

In addition, as illustrated in FIG. 4(b), a semiconductor element 
302 is mounted at a specific position near the center of the surface of 
the substrate 301 constituting the semiconductor device main body by 
using the cross mark 303 for reference and is secured with, for 
instance, an adhesive, achieving a higher degree of accuracy. Electrode 
portions 304 of the mounted semiconductor element 302 and pad 
electrodes 305 on the substrate 301 at the semiconductor device main 
body are electrically connected with each other via wirings 306. As in 
the semiconductor device in the related art, a specific area containing 
the semiconductor element 302 is sealed with resin (not shown), with 



FOKI01018/US 



13/30 



ball electrodes (not shown) which may be constituted of solder or the 
like formed at specific positions at the lower surface of the 
semiconductor device substrate 301. 

Next, the semiconductor device manufacturing method achieved 
in the embodiment is explained. 

First, as shown in FIG. 4(a), a metal film for pad electrode 
formation constituted of, for instance, Cu and achieving a ISjim 
thickness, is formed over the entire circuit forming surface of the 
semiconductor substrate 301. Next, a masking pattern to be used to 
form the pad electrodes 305 and the cross mark 303 is formed on the 
Cu film. Almost concurrently, while forming the pad electrodes 305 by 
removing the Cu film through etching, the cross mark 303 constituted 
of an area where the Cu film has been removed through etching is 
formed. It is to be noted that the cross mark 303 is formed on the 
diagonals extending toward the comers of the device 30 1 . 

Unlike in the preceding embodiments, the cross mark is formed 
almost concurrently while forming the pad electrodes constituted of, for 
instance, Cu at the periphery of the substrate by using the masking 
pattern formed in the shape of the cross mark and etching the Cu film. 

Next^ as shown in FIG. 4(b), the cross mau-k 303 at the 
semiconductor substrate 301 at which the semiconductor element is to 
be mounted is recognized by using, for instance, a television camera, 
and the semiconductor element 302 is secured at a specific position 
near the center of the circuit forming surface at the semiconductor 
substrate 302 with a high degree of accuracy by using the adhesive or 
the like so as to align the comers of the semiconductor element 302 
onto the cross mark 303. 

This embodiment, in which the cross mark is formed almost 
concurrently with the formation of the pad electrodes during the 
substrate circuit forming process, simplifies the manufacturing process. 
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In addition, since it is not necessary to implement a cross mark forming 
step through silk-screen printing or the like, further simplification in 
the manufacturing process is achieved. 

Next, the electrode portions 304 at the semiconductor element 
302 accurately secured onto the semiconductor substrate 301 are 
electrically connected to the pad electrodes 305 on the substrate 301 at 
the semiconductor device main body through the wirings 306 which 
may be, for instance, gold wires. 

Subsequently, the specific area containing the semiconductor 
element 302 and the pad electrodes at the periphery of the substrate is 
sealed with resin (not shown) as in the semiconductor device in the 
related art. In addition, the ball electrodes (not shown) which may be 
constituted of solder are formed at specific positions at the lower 
surface of the semiconductor substrate 301, thereby completing the 
process of manufacturing the semiconductor device in the embodiment. 

The embodiment, in which reference lines are formed almost 
concurrentiy with the formation of the pad electrodes on the substrate 
of the semiconductor device main body during the substrate circuit 
forming process, simplifies the manufacturing process. Furthermore, 
since it is not necessary to implement a reference line forming step 
through silk-screen printing or the like, further simplification of the 
manufacturing process is achieved. 

(Fifth Embodiment) 

Next, the semiconductor device in the fifth embodiment is 
explained in reference to FIG. 5. FIG. 5 presents top views of the 
structure of the semiconductor device achieved in the embodiment. 

First, as shown in FIG. 5(a), a cross mark 403 is formed on the 
diagonals extending toward the comers of the device at the surface of a 
substrate 40 1 constituting the semiconductor device main body. Unlike 
in the fourth embodiment, the cross mark 403 is formed of an unetched 
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area (i.e., constituted of the material constituting the pad electrodes) in 
this embodiment. In addition, the surface of the cross mark is treated 
through Au plating or the like in the embodiment. 

As illustrated in FIG. 5(b), a semiconductor element 402 is 
mounted at a specific position near the center of the surface of the 
substrate 401 constituting the semiconductor device main body by 
using the cross mark 403 for reference and is secured with, for 
instance, an adhesive, achieving a higher degree of accuracy. Electrode 
portions 404 of the mounted semiconductor element 402 and pad 
electrodes 405 on the substrate 401 at the semiconductor device main 
body are electrically connected with each other via wirings 406. As in 
the semiconductor device in the related art, a specific area containing 
the semiconductor element 402 is sealed with resin (not shown), with 
ball electrodes (not shown) which may be constituted of solder or the 
like formed at specific positions at the lower surface of the 
semiconductor device substrate. 

Next, the semiconductor device manufacturing method achieved 
in the embodiment is explained. 

First, as shown in FIG. 5(a), a metal film for pad electrode 
formation constituted of, for instance, Cu, is formed over the entire 
circuit forming surface of the semiconductor substrate 401. Next , a 
masking pattern to be used to form the pad electrodes 405 and the 
cross mark 403 is formed on the Cu film. Almost concurrently, while 
forming the pad electrodes 405 by removing the Cu film through 
etching, the cross mark 403 constituted of an area where the Cu film 
remains unetched is formed. It is to be noted that the cross mark 403 is 
formed on the diagonals extending toward the comers of the device. 
Then, an adhesive is applied onto the area over which the 
semiconductor element is to be mounted. 
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Unlike in the fourth embodiment, the cross mark in the 
embodiment is formed by leaving the Cu film unetched. Also, the 
surface of the cross mark is treated through Au plating or the like. 

Next, as shown in FIG. 5(b), the cross mark 403 at the 
semiconductor substrate 401 is recognized by using, for instance, a 
television camera, and the semiconductor element 402 is mounted at a 
specific position near the center of the circuit forming surface at the 
semiconductor substrate 401 with a high degree of accuracy by aligning 
the comers of the semiconductor element 402 onto the cross mark 403. 
At this time, the semiconductor element 402 is secured at the correct 
position on the semiconductor substrate with an even higher degree of 
accuracy with the adhesive having been applied onto the semiconductor 
element mounting area. 

The embodiment, in which the surface of the cross mark is 
treated through Au plating or the like unlike in the fourth embodiment, 
improves the accuracy of the image recognition which is implemented to 
verify the position at which the semiconductor element is to be secured. 

Next, the electrode portions 404 at the semiconductor element 
402 accurately secured onto the semiconductor substrate 401 are 
electrically connected to the pad electrodes 405 on the substrate 401 at 
the semiconductor device main body through the wirings 406 which 
may be, for instance, gold wires. 

Subsequentiy, the specific area on the semiconductor substrate 
401 containing the semiconductor element 402 and the pad electrodes 
at the periphery of the substrate 40 1 is sealed with resin (not shown) as 
in the semiconductor device in the related art. In addition, the ball 
electrodes (not shown) which may be constituted of solder are formed at 
specific positions at the lower surface of the semiconductor substrate, 
thereby completing the process of manufacturing the semiconductor 
device in the embodiment. 
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The embodiment, in which the surfaces of the reference lines are 
treated through Au plating or the like unlike in the fourth embodiment 
improves the accuracy with which the image recognition is implemented 
to verify the position at which the semiconductor element is to be 
secured. 

(Sixth Embodiment) 

Next, the semiconductor device in the sixth embodiment is 
explained in reference to FIGS. 6 and 7. FIG. 6 presents top views of the 
structure of the semiconductor device achieved in the embodiment. 

First, as shown in FIG. 6(a), a cross msirk 503 extending to the 
outside of a resin-sealed area at the surface of the device is formed on 
the diagonals extending toward the comers of the device at the surface 
of a substrate 501 constituting the semiconductor device main body, 
unlike in the fifth embodiment. 

In addition, as illustrated in FIG. 6(b), a semiconductor element 
502 is mounted at a specific position near the center of the surface of 
the substrate 501 constituting the semiconductor device main body by 
using the cross mark 503 for reference and is secured with, for 
instance, an adhesive, achieving a higher degree of accuracy. Electrode 
portions 504 of the mounted semiconductor element 502 and pad 
electrodes 505 on the substrate at the semiconductor device main body 
are electrically connected with each other via wirings 506. As shown in 
FIG. 7, a specific area containing the semiconductor element 502 on the 
semiconductor substrate 501 is sealed with resin 507, with ball 
electrodes 508 which may be constituted of solder or the like formed at 
specific positions at the lower surface of the semiconductor device 
substrate 50 1 as in the semiconductor in the related art. 

Next, the semiconductor device manufacturing method achieved 
in the embodiment is explained. 
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First, as shown in FIG. 6(a), a metal film constituted of, for 
instance, Cu, for pad electrode formation is formed over the entire 
circuit forming surface of the semiconductor substrate 501. Next , a 
masking pattern to be used to form the pad electrodes 502 and the 
cross mark 503 is formed on the Cu film. Almost concurrently with the 
formation of the pad electrodes 502 by removing the Cu film through 
etching, the 503 constituted of an area where the Cu film remains 
unetched is formed to extend to the outside of the resin- sealed area at 
the device surface. It is to be noted that the cross mark 503 is formed 
on the diagonals extending toward the comers of the device. 

The cross mark 503 in the embodiment is formed to extend to the 
outside of the resin-sealed area at the device surface. In addition, the 
surface of the cross mark 503 is treated through Au plating or the like 
as in the fifth embodiment. 

An adhesive is applied onto the semiconductor element mounting 
area of the semiconductor substrate 50 1 . 

Next, as shown in FIG. 6(b), the cross mark 503 at the 
semiconductor substrate 50 1 at which the semiconductor element is to 
be mounted is recognized by using, for instance, a television camera, 
and the semiconductor element 502 is mounted at a specific position 
near the center of the circuit forming surface at the semiconductor 
substrate 501 with a higher degree of accuracy by aligning the three 
comers of the semiconductor element 502 onto the cross mark 503. At 
this time, the semiconductor element 502 is secured at the correct 
position on the semiconductor substrate 501 with an even higher 
degree of accuracy with the adhesive having been applied onto the 
semiconductor element mounting area. 

Next, the electrode portions 504 at the semiconductor element 
502 accurately secured onto the semiconductor substrate 501 are 
electrically connected to the pad electrodes 505 on the substrate 501 at 



FOKI01018/US 



19/30 



the semiconductor device main body through the wirings 506 which 
may be, for instance, gold wires. 

Next, as illustrated in FIG. 7(a), the specific area containing the 
semiconductor element and the pad electrodes at the peripheral area of 
the substrate is sealed with the resin 507 as in the semiconductor 
device in the related art. The cross mark 503 in the embodiment is 
formed to extend to the outside of the resin-sealed area at the device 
surface. 

Then, as shown in FIG. 7(b), the ball electrodes 508 which may be 
constituted of solder are formed at specific positions at the lower 
surface of the semiconductor device substrate 501, thereby completing 
the process of manufacturing the semiconductor device in the 
embodiment. 

In the embodiment, a state of subtle separation from the sealed 
surface is achieved by the reference lines and the Au plate extending to 
the external periphery of the resin-sealed area, thereby realizing an 
effect (the so-called vent effect) that lessens the evaporation stress 
caused by the impregnating water by releasing the evaporating water to 
eliminate the problem of so-called popcorn cracks, which tend to occur 
in the reflow mounting process normally adopted when mounting 
semiconductor elements at a motherboard. In addition, since an Au 
plate, for instance, is formed on the surface of the reference lines, the 
accuracy with which the image recognition is implemented to verify the 
semiconductor element mounting position improves. 

(Seventh Embodiment) 

Next, the seventh embodiment is explained in reference to FIG. 8. 
FIG. 8 presents top views of the structure adopted in the semiconductor 
device in the embodiment. 

Unlike in the sixth embodiment, ribs 603a are formed at a 
plurality of positions corresponding to varying sizes of semiconductor 
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elements to be mounted at a cross mark 603 formed on the diagonsJs 
extending toward the comers of the device at the surface of a substrate 
601 constituting the semiconductor device main body, as illustrated in 
FIG. 8(a). 

In addition, as shown in FIG. 8(b), a semiconductor element 602 
is mounted at a specific position near the center of the surface of the 
substrate 601 constituting the semiconductor device main body by 
using the cross mark 603 and the ribs 603a for reference and is 
secured with, for instance, an adhesive achieving a higher degree of 
accuracy. Electrode portions 604 at the mounted semiconductor 
element 602 axe electrically connected to pad electrodes 605 on the 
substrate 60 1 constituting the semiconductor device main body via 
wirings 606. As in the semiconductor device in the related art, a specific 
area containing the semiconductor element 602 on the semiconductor 
substrate 601 is sealed with resin (npt shown) and ball electrodes (not 
shown) which may be constituted of solder are formed at specific 
positions at the lower surface of the semiconductor device substrate 
601. 

Next, the method adopted to manufacture the semiconductor 
device in the embodiment is explained. 

First, as illustrated in FIG. 8(a), a metal film which may be 
constituted of, for instance, Cu for pad electrode formation is formed 
over the entire circuit forming surface of the semiconductor substrate. 
Next, a masking pattern to be used to form the pad electrodes 605 and 
the cross mark 603 including the ribs 603a is formed on the Cu film. 
Then, almost concurrently with the formation of the pad electrodes 605 
implemented by removing the Cu film through etching, the cross mark 
603 having the ribs 603a constituted of an area where the Cu film 
remains unetched is formed to extend to the outside of the resin-sealed 
area at the device surface. It is to be noted that the cross mark 603 
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having the ribs 603a is formed on the diagonals extending toward the 
comers of the device. 

Unlike in the sixth embodiment, the ribs 603a matching varying 
sizes of semiconductor elements 602 to be mounted are formed at a 
plurality of positions at a cross mark 603 in the embodiment. 

In addition, an adhesive is applied onto the semiconductor 
element mounting area at the semiconductor substrate 601. 

Next, as shown in FIG, 7(b), the ribs 603a and the cross mark 
603 at the semiconductor substrate on which the semiconductor 
element is to be mounted are verified with, for instance, a television 
camera and the semiconductor element 602 is secured onto a specific 
position near the center of the circuit forming surface of the 
semiconductor substrate 601 with a higher degree of accuracy by 
setting the comers of the semiconductor element 602 in alignment with 
the ribs 603a on the cross mark 603. Since the adhesive has been 
applied to the semiconductor element mounting area, the 
semiconductor element 602 can be secured to the correct position on 
the semiconductor substrate 601 with accuracy at this time. 

It is to be noted that the ribs should be formed in conformance to 
vaiying sizes of semiconductor elements, to make it posisible to mount 
semiconductor elements of varying sizes with a high degree of accuracy 
in conformance to their individual sizes at a common semiconductor 
device. 

Next, the electrode portions 604 at the semiconductor element 
602 accurately secured onto the semiconductor substrate 601 are 
electrically connected to the pad electrodes 605 on the substrate 601 at 
the semiconductor device main body through the wirings 606 which 
may be, for instance, gold wires. Subsequently, the specific area on the 
semiconductor device 601 containing the semiconductor elehient 602 
and the pad electrodes at the periphery of the substrate is sealed with 
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resin (not shown) as in the semiconductor device in the related art. In 
addition, the ball electrodes (not shown) which may be constituted of 
solder are formed at specific positions at the lower surface of the 
semiconductor device substrate 601, thereby completing the process of 
manufacturing the semiconductor device in the embodiment. 

Since ribs are formed at positions corresponding to var5dng sizes 
of semiconductor elements that can be mounted at the device in the 
embodiment, semiconductor elements can be mounted at the correct 
positions with further accuracy. Moreover, by forming ribs at positions 
corresponding to the maximum and minimum sizes of elements that 
can be mounted at the device, the ribs can be used for reference when 
making a decision as to whether or not a given semiconductor element 
can be mounted at the device. 

(Eighth Embodiment) 

Next, the eighth embodiment of the present invention is explained 
in reference to FIG. 9. FIG. 9 presents top views of the structure 
adopted in the semiconductor device in the embodiment. 

Unlike in the seventh embodiment, and frame portions 708 
corresponding to varying sizes of semiconductor elements 702 to be 
mounted are formed at a cross mark 703 formed on the diagonals 
extending toward the comers of the device at the surface of a substrate 
701 constituting the semiconductor device main body, as illustrated in 
FIG. 9(a). 



. ^[V Im addition, as shown in FIG. 9(b), a semiconductor element 702 
is mounted at a specific position near the center of the surface of the 
substrate Voi constituting the semiconductor device main body by 
using the cross mark 703 and a frame portion 708 for reference arid is 
secured witm for instance, an adhesive achieving a higher degree of 
accuracy. Electrode portions 704 at the mounted semiconductor 
element 702 af^ electrically connected to pad electrodes 705 on the 
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substrate 701 constituting the semiconductor device main body via 



wirings Y06. As in the semiconductor device in the related art, a specific 
area containing the semiconductor element 702 on the semiconductor 
substrate TOl is sealed with resin (not shown) and ball electrodes (not 
shown) which may be constituted of solder are formed at specific 
positions atVhe lower surface of the semiconductor device substrate 



Next, the method adopted to manufacture the semiconductor 
device in the embodiment is explained. 

First, as illustrated in FIG. 9(a), a metal film which may be 
constituted of, for instance, Cu for pad electrode formation is formed 
over the entire circuit forming surface of the semiconductor substrate 
701. Next, a masking pattern to be used to form the pad electrodes 705 
and the cross mark 703 including the frame portions 708 is formed on 
the Cu film. Then, almost with the formation of the pad electrodes 705 
implemented by removing the Cu film through etching the frame portion 
708 and the cross mark 703 formed over an area where the Cu film 
remains unetched extend to the outside of the resin-sealed area at the 
device surface. It is to be noted that the cross mark 703 is formed on 
the diagonals extending toward the comers of the device. 

Unlike in the seventh embodiment, the frame portions 708 are 
formed at a plurality of positions at the cross mark 703 in the 
embodiment. 

In addition, an adhesive is applied onto the semiconductor 
element mounting area at the semiconductor substrate 70 1 . 

Next, as shown in FIG. 9(b), the frame portion 708 and the cross 
mark 703 at the semiconductor substrate 701 on which the 
semiconductor element is to be mounted are verified with, for instance, 
a television camera and the semiconductor element 702 is secured onto 
a specific position near the center of the circuit forming surface of the 
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semiconductor substrate 701 with accuracy by setting the comers of 
the semiconductor element 702 on the frame portion 708 and the cross 
mark 703. Since the adhesive has been applied to the semiconductor 
element mounting area on the semiconductor substrate 701, the 
semiconductor element 702 can be secured to the correct position on 
the semiconductor substrate with accuracy at this time. 

It is to be noted that the frame portions should be formed in 
conformance to varying sizes of semiconductor elements, to make it 
possible to mount semiconductor elements of varying sizes with a high 
degree of accuracy in conformance to their individual sizes at a common 
semiconductor device. 

ext, the electrode portions 704 at the semiconductor element 
702 accurately secured onto the semiconductor substrate 701 are 
electricalw connected to the pad electrodes 705 on the substrate 701 at 
the semiconductor device main body through the wirings 706 which 
may be, formstance, gold wires. Subsequently, the specific area on the 
semiconductor substrate 701 containing the semiconductor element 
702 and the pVd electrodes at the periphery of the substrate is sealed 
with resin (not snown) as in the semiconductor device in the related art. 
In addition, the ball electrodes (not shown) which may be constituted of 
solder are formed ^^t specific positions at the lower surface of the 
semiconductor substrate 701, thereby completing the process of 
manufacturing the seir^iconductor device in the embodiment. 

In the embodiment, the presence of the frame portions formed at 
the semiconductor substrate prevents the adhesive applied to secure 
the semiconductor elements from seeping out. In addition, the extent of 
surface separation caused by popcorn cracks originating at the adhesive 
can be minimized (the popcorn cracks are prevented from reaching the 
wire bond points). Moreover, source signals for the semiconductor 
elements can be connected through wiring to the frame portions and 
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thus stable operation of the elements can be achieved by using a 
uniform source signal (by using the wiring as a so-called common power 
wiring or a so-called common ground wiring). 

While the invention has been particularly shown and described 
with respect to preferred embodiments thereof by referring to the 
attached drawings, the present invention is not limited to these 
examples and it will be understood by those skilled in the art that 
various changes in form and detail may be made therein without 
departing from the spirit, scope and teaching of the invention. 

While an explanation is given above in reference to the third - 
eighth embodiments on an example in which a cross mark indicating 
the positions of the four comers of the semiconductor element is 
formed, the present invention may be implemented in a similar manner 
when adopted in conjunction with three reference lines indicating the 
positions of three corners instead. 

As explained above, according to the present invention in which 
reference lines indicating the positions of at least three comers of the 
semiconductor element to be mounted are formed on the circuit forming 
surface of the semiconductor substrate, the correct semiconductor 
element mounting position can be determined y;dth a higher degree of 
accuracy. By mounting the semiconductor element on the 
semiconductor substrate by aligning the comers of the semiconductor 
element at the reference lines, the semiconductor element is set at the 
correct position with accuracy. In addition, since these reference lines 
indicate the positions at which the comers of a semiconductor element 
' of any of varying sizes that may be mounted should be set, the 
semiconductor element can be accurately mounted at the correct 
position simply by positioning the comers of the semiconductor element 
in the vicinity of the reference lines as long as the semiconductor 
element has a roughly square shape or a rectangular shape. 



